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(57) A rectangular alkalin %€!onage^ atterv includes 
a plurality of rectangular positive electrode plates (1), 
negative electrode plates(2), and separators (3). The 
positive and negative electrode plates are layered alter- 
nately via the separators, resulting in a group of elec- 
trode plates. The group of electrode plates, together 
with an alkaline electrolyte, is housed in a rectangular 
container. In the t)attery, internal resistance Is 5 mn or 
less, the electrode plate group thickness is 30 mm or 
less, and the amount of electrolyte is 1 .3 to 8.0 g/Ah. 
This can achieve a rectangular alkaline storage battery 
that provides the optimum balance in the quantity of heat 
generation, heat release, and heat accumulation, high 
power, and excellent battery characteristics even when 
charged/discharged repeatedly and used for a long 
time. 
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Description 



[0001 ] The present Invention relates to an alkaline storage battery represented by a nickel-cadmium storage battery 
and nickel metal-hydride battery, in particular, to a rectangular alkaline storage battery. More specifically, the present 
5 invention relates to the design of a group of electrode plates, an electrolyte, and a container that optimizes the balance 
In the quantity of heat generation, heat release, and heal accumulation. 

[00021 An alkaline storage battery represented by a nickel-cadmium storage battery and nickel metal-hydride battery 
has high energy density and excellent reliability. Therefore, these batteries are widely used as a power source for 
devices including, e.g., video tape recorders, laptop computers, and portable equipment such as portable telephones. 

10 For practical applteations, several to tens of cells housed in a resin case or tube are generally used as a unit. 

[0003] These alkaline storage batteries have a battery capacity of about 0.5 Ah to 3 Ah, and the devices Including 
them consume less power. Thus, the quantity of heat generation per cell during charge/discharge is small. Therefore, 
even in a resin case or tube, the balance between heat generation and heat release is well maintained, so that there 
is no remarkable problem associated with a rise in the temperature of the battery. 

IS [0004] In recent years, storage batteries with high energy density, high power, and high reliability have been de- 
manded as a power source for movable bodies, ranging from household appliances to electric vehicles, such as pure 
electric vehicles and hybrid electric vehicles using an electrk: motorto provide auxiliary drivingforce. When the battery 
is used in these applbations, it requires a battery capacity of about several to 1 00 Ah. Also, a larger battery voltage is 
necessary to ensure sufficient driving force of a vehicle. Thus, *rt is required to connect several to hundreds of cells In 

20 series and to allow tens to hundreds of amperes of load cun-ent to be input/output. 

[0005] A battery generates the heat of reaction caused by electrode reaction and Joule heat during charge/discharge, 
which results in a rise in the temperature of the battery. As the battery capacity and load cun-ent of the cell increases, 
the quantity of heat generation is increased. Thus, heat release to the outside of the battery is delayed and the heat 
generated is stored in the battery. Consequently, the battery temperature is more raised than in a conventional small 

25 battery. In addition, a battery module, which includes such cells electrically connected in series, and a battery pack, 
which includes the battery modules electrically connected In series or in parallel, are provided with tens to hundreds 
of adjacent cells. Thus, heat release is delayed further, causing the battery temperature rise to be accelerated. Such 
an Increase in the tenv>erature rise of the battery during charge/discharge promotes a reduction in charge efficiency 
and decomposition of the binder or the like in the electrode and separators within tiie battery, so that the cycle life of 

30 the battery is shortened. 

[0006] As the result of the study on the relationship in the quantity of heat generation, heat release, and heat accu- 
mulation of a battery, the present inventors have obtained the following insight. 

[0007] The quantity of heat generation of a battery depends on the Internal resistance (R: the total of tiie resistance 
of electrode reaction and that of a current collecting portion) of ttie battery. The internal resistance is detennined by a 

35 voltage drop in the application of direct cunrent Also, the quantity of heat generation is expressed by ttie product (R|2) 
of the internal resistance and the square of load cun-ent (1). The quantity of heat release depends on thennal conduc- 
tivity, i.e., tiie heat transport from the inside to the outside of the battery. Therefore, the thickness of an electrode plate 
and that of a group of electrode plates, including two or more electrode plates and separators, becomes an Important 
factor. Moreover, the quantity of heat release is affected significantiy by a means for removing heat from the battery 

40 (the type of coolant, such as air and water passing through the outside of the battery, and ttie amount ttiereof). The 
quantity of heat accumulation depends on the amount of electrolyte and its heat capacity 

[0008] The battery temperature rise is detemiined by the balance in the quantity of heat generation, heat release, 
and heat accumulation. Specifically, when current is applied to the battery, heat is generated by tiie magnitude of the 
current and the internal resistance according to the state of the battery (the state of charge). The heat thus generated 

45 increases the battery temperature in accordance with the magnitude of heat accumulation of the battery. Also, the heat 
generated in the battery is transferred to the outside, and tiius ttie heat con-esponding to the difference in temperature 
between the inside and the outside of the battery is released. When such power input/output is repeated near the 
predetemilned state of the battery (the state of charge), the battery temperature is increased in proportion correspond- 
ing to the magnitude and balance In the quantity of heat generation, heat release, and heat accumulation. Thus, the 

50 battery temperature is apparently constant. 

[0009] Therefore, to achieve an alkaline storage battery that provides suppressed temperature rise, high power, and 
long lifetime, it is necessary to design a group of electrode plates, an electrolyte, and a container so as to optimize the 
balance in the quantity of heat generation, heat release, and heat accumulation of a battery. 
[001 0] Therefore, with the foregoing In mind, it is an object of the present invention to provide a rectangular alkaline 

55 storage battery that provides the optimum balance in ttie quantity of heat generation, heat release, and heat accumu- 
lation, high power, and excellent battery characteristics even when charged/discharged repeatedly and used for a long 
time, and a battery module and battery pack using the same. 

[001 1] To achieve the above object, a rectangular alkaline storage battery of tiie present invention includes a plurality 
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of positive electrode plates, a plurality of negative electrode plates, a plurality of separators, each being located between ' 
the positive electrode plate and the negative electrode plate, an alkaline electrolyte, and a container for housing the 
positive and negative electrode plates, the separators, and the electrolyte. In the battery, internal resistance is 5 
or less, a group of electrode plates including the positive and negative electrode plates and the separators has a 

5 thickness of 30 mm or less, a heat release area is 60 cm2 or more, and the amount of the electrolyte is 1 .3 to 8.0 g/ 
Ah. This configuration can achieve a rectangular alkaline storage battery that provides the optimum balance in the 
quantity of heat generation, heat release, and heat accumulation, high power, and excellent battery, characteristics 
even when charged/discharged repeatedly and used for a long time. ^ 
[0012] In the above configuration of a rectangular alkaline storage battery of the present invention, it is preferable 

10 that positive and negative current collecting plates connected to the positive electrode plates and the negative electrode 
plates, respectively, are provided at both side faces of the group of electrode plates in the width direction, and that the 
group of electrode plates is housed In the container with each current collecting plate fixed on the short side faces of 
the container. 

[0013] In the above configuration of a rectangular alkaline storage battery of the present Invention, it is preferable 
IS that the positive electrode plates are based on nickel oxide, and that the negative electrode plates contain hydrogen 
absorbing alloy that can absorb/desorb hydrogen electrochemically. 

[0014] In the above configuration of a rectangular alkaline storage battery of the present invention, it is preferable 
that the separator has a thtokness of 0.1 to 0.3 mm. 

[0015] In the above configuration of a rectangular alkaline storage battery of the present irivention, it is preferable 

20 that the electrolyte has an ionk; conductivity of 400 to 600 mS/cm. 

[0016] In the above configuration of a rectangular alkaline storage battery of the present invention, it is preferable 
that a material of the container has a thenmal conductivity of 0:1 5 W/m-K or more, and that the container has a thk^kness 
of 0.5 to 1 .5 mm. As a material of the container that satisfies this requirement, e.g., a resin material, such as a polymer 
attoy based on polyphenyiene ether resin and potyolefin resin can be used. 

25 [001 7] A battery module of the present invention includes 3 to 40 cells electrically connected In series. The rectangular 
alkaline storage battery of the present invention is used as said cell. 

[0018] In the above configuration of a battery module of the present invention, it is preferable that the battery module 
includes a plurality of containers, each of which is in the f onm of a rectangular solid having short side faces with a small 
width and long side faces with a large width; the containers are formed into an integral container by using the short 
30 side face as a partltton between the adjacent containers; a group of electrode plates is housed in each container so 
that a cell is provided for each contairier. and the cells are connected electrically in series. 

[001 9] I n the above configuration of a battery module of the present invention, It is preferable that thermal conductivity 
per battery module is 0.3 W/m*K or more. 

[0020] -Thisconfigu ration can achieve a battery module that provides suppressed temperature rise, high power, and 
35 excellent t>attery characteristk:s even when charged/discharged repeatedly and used for a long time. 

[0021] A battery pack of the present invention includes a plurality of battery modules electrically connected in series 
and/or in parallel and a coolant flow path formed between the adjacent battery modules. The battery module of the 
present invention is used as said battery module. This configuration can achieve a battery pack that provides sup* 
pressed temperature rise, high power, and excellent battery characteristtos even when charged/discharged repeatedly 
40 and used for a long time. 

[0022] As described above, the present invention can achieve a rectangular alkaline storage battery that provides 
the optimum balance in the quantity of heat generation, heat release, and heat accumulation, high power, and excellent 
battery characteristics even when charged/discharged repeatedly and used for a long time. In addition, the use of a 
rectangular alkaline storage battery of the present invention can achieve a battery module and a battery pack that 
45 provide suppressed temperature rise, high power, and excellent battery characteristics even when charged/discharged 
repeatedly and used for a long time. 

[0023] FIG. 1 is a perspective view showing the configuration of a group of electrode plates of an ennbodiment of the 
present invention. 

[0024] FIG. 2 is a perspecth^e view showing an integral container for a battery module of an embodiment of the. 
50 present invention. 

[0025] Hereinafter, an embodiment of the present invention will be described taking a rectangular nickel metal-hydride 
battery for an example; the nickel metaNhydride battery is a typical rectangular alkaline storage battery. 
[0026] A positive electrode of ntokel and negative electrode of hydrogen absort^ing alloy used in this embodiment 
were prepared In the following manner. 
55 [0027] For a hickei hydroxide solid solution that acts as an active material of the nickel positive electrode, Co and 
Zn were mixed to form particles of solid solution, having an average particle size of 10 ^m and a bulk density of about 
2.0 g/cc. To 1 00 parts by weight of the nickel hydroxide solid solution particles were added 7.0 parts by weight of cobalt 
hydroxide and a suitable amount of pure water, which then was mixed and dispersed, resulting in an active material 
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Slurry. A foamed nickel porous substrate, having a porosity of 95 % and thickness of 1 .3 mm, was filled with the active 
material slurry and then dried at 80 •C in a drier Thereafter, the substrate was rolled to a thickness of 0.4 mm by 
pressure and cut to a rectangular shape of predetermined size shown In the following Table 1 , thus providing the nickel 
positive electrode. j: u n -n 

[00281 A hydrogen absorbing alloy with the alloy composition of MmNig 5 CO0.75 AI0.3 Mn© 4 was ground In a ball mill. 
The alloy powder obtained, having an average particle size of about 20 urn, was applied with a binder to a perforated 
steel sheet and then dried. Thereafter, the perforated steel sheet was rolled to a thiclcness of 0.28 mm and cut to a 
rectangular shape of predetemiined size shown in the following Table 1 , thus providing the hydrogen absorbing alloy 
negath^e electrode. 

TABLE 1 



Battery 

capacity 

[Ah] 


Electrode 
group 
thickness 
[mm] 


Positive 

electrode 

size 

[mmxmm] 


Positive 
electrode 
thickness 
(mm] 


Number of 
postthfe 
electrodes 
[sheet] 


Negative 
electrode 

size 

[mmxmm] 


Negative 
electrode 
thickness 
[mm] 


Number of 
negative 
electrodes 
[sheet] 


8 


10 


48X83 


0.4 


9 


48X83 


0.28 


10 


8 


20 


48X48 


0.4 


16 


48X48 


0.28 


17 


8 


30 


48 X 32 


0.4 


25 


48X32 


0^8 


26 


8 


35 


48X28 


0.4 


29 


48X28 


0.28 


30 



[0029] FIG.1 is a perspective view showing the configuration of a group of electrode plates of a rectangular nwkel 
metal-hydride battery according to an embodinient of the present invention. 

[0030] As shown in FIG. 1 , the positive electrode plates 1 and the negative electrode plates 2 presented in Table 1 
were layered alternately via separators 3, so that groups of electrode plates with different electrode thickness were 
provided. The separators 3 were rectangular similar to the positive and negative electrode plates and made of a non- 
woven polypropylene fabric, which was processed to have a hydrophilic property. Current collecting plates 4, 5 of 
nickel-plated iron were welded to the end faces of leads 1a, 2a located on both side faces of the group of electrode 
plates In the width direction, resulting in positwe and negative electrode tenminals. The group of electrode plates, 
together with an electrolyte Including potassium hydroxide as the main component, was housed in a rectangular con- 
tainer with the current collecting plates 4, 6 fixed respectively on the short side faces of the container. The container 
was made of a polymer alloy based on polypropylene resin and polyphenylether resin. Thus, a rectangular nickel metal- 
hydride battery with a battery capacrtyofff Ah was provided. 

[0031] Using the rectangular ntokel metal-hydride battery (cell) with the above configuration, the following factors of 
the battery were changed to Investigate the relationship of each factor to the battery's temperature rise and cycle life 
during charge/discharge: internal resistance, the thtekness of a group of electrode plates, a heat release area, the 
amount of electrolyte, the ionic conductivity of the electrolyte, the thtekness of a container, and the thermal conductivity 
of a container material. ^ uu • - 

[0032] Intemal resistance is the total of the resistance of electrode reaction, the resistance associated with the ionic 
conductwity of electrolyte, and the resistance of a cun-ent collecting portion and electrode core material. Therefore, 
the intemal resistance Is affected significantly by a battery capacity, an electrode plate area, and the material, thickness, 
or shape of a current collecting portion and electrode core material. However, since experiments of this embodiment 
were conducted so that the battery capacity and electrode plate area of the battery were fixed substantially, their effect 
on the intemal resistance was able to be ignored. Thus, the battery intemal resistance was changed by varying the 
thickness of the cun-ent collecting plates 4, 5 of nickel-plated iron and that of the nickel plating. 
[0033] Moreover, ttie intemal resistance was measured in the following manner: the actual capacity [Ah] of the battery 
produced was detennined by a method for measuring utilization factor, which will be described later, the battery in the 
state of discharge was charged by 50 % of the actual capacity and allowed to stand for 3 hours at an environmental 
temperature of 25 '^C; then electric cun-ent was applied to the battery under the conditions shown in the following Table 
2, and the battery voltage was measured after 1 0 seconds. A graph that plotted the applied current value as the hor- 
izontal axis and the measured battery voltage as the vertical axis was prepared. The slope obtained by this graph was 
considered to be the intemal resistance of the battery, based on Ohm's law expressed by the formula V = R x I. Thus, 
the internal resistance of the battery was calculated In the above manner using a least-square metiiod. 
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TABLE 2 



5 



State 


Current value [A] 


Time (second] 


Discharge 


10 


10 


Rest 




60 


Charge . 


10 


10 


Rest 


* 


60 


Discharge 


25 


10 


Rest 


- 


60 


Charge 


25 


10 


Rest 


- 


60 


Discharge 


40 


10 


Rest 




60 


Charge 


40 


10 


Rest 


- 


60 


Discharge 


60 


10 


Rest 


- 


60 


Charge 


60 


10 


Rest 




60 


Discharge 


80 


10 


Rest 




60 


Charge 


80 


10 


Rest 




60 


Discharge 


100 


10 


-aest 




.J80 









[0034] The thickness of a group of electrode plates means the thickness of a collection of the positive electrode 
plates 1 , the negative electrode plates 2, and the separators 3, being measured In mm. The heat release area refers 
to the area with which a coolant comes into direct contact at the outer surface of the battery, being measured In cm^. 
^0 The amount of electrolyte is the weight of the electrolyte per ampere-hour capacity, being measured in g/Ah. The ionic 
conductivity of the electrolyte depends on the specific gravity of the electrolyte. The cycle life represents the cycle 
number, at which the battery capacity is reduced to 80 % or less of the initial capacity. 

(1) The relationship of internal resistance to temperature rise and cycle life 

45 

[0035] The following Table 3 shows the result of measurements of temperature rise and cycle life of the battery during 
charge/discharge, where the thickness of a group of electrode plates was 20 mm, a heat release area was 100 cm2, 
the amount of electrolyte was 3 g/Ah, a separator thickness was 0.2 mm, the ionic conductivity of the electrolyte was 
500 mS/cm. and internal resistance was changed from 3 to 6 mO. The "utilization factor" in Table 3 was calculated in 
the following manner: the battery was charged at a charging rate of 0.1 CmA for 15 hours and then discharged at a 
discharging rate of 0.2 CmA until the battery voltage was 1 .0 V; this cycle was repeated five times; a battery capacity 
was measured in the fifth cycle, and the battery capacity thus measured is divided by a theoretical capacity (obtained 
by multiplying the weight of nrckei hydroxide impregnated into the positive electrode by 289 mAh/g, which is a battery 
capacity provided when nickel hydroxide reacts with an electron). Thus, the utilization factor was cateulated. 



5 




EP1 154 507 A2 







Cycle life 


1000 


1000 


o 
o 


o 
o 


5 
10 




Temperature rise 


iO 


in 






IS 




Utilization factor 
[%1 


a 


in 


CM 


CO 
CD 


20 
25 




Ionic 

conductivity 
(mS/cm) 


o 
o 
in 


30 


TABLES 


Separator 
thickness [mm] 


CM 
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Amount of i 
electrolyte [g/Ah] 
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Heat release 
area [cm^] 


o 
o 


SO 




Electrode group 
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Battery Internal 
resistance [mQ] 
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[0036] As shown in Table 3, when the internal resistance was 3 nr^, 4 mQ, and 5 m£l, the temperature rise of the 
battery during charge/discharge was 5 •C, 6 "^C, and 7 *C, and the cycle life was 1000, 1000, and 900, respectively. 
On the other hand, when the internal resistance was 6 mCl, the temperature rise was increased to 14 and the cycle 
life was reduced to 300. The consideration of this result is given below. As the intemal resistance Increases, the quantity 
5 of heat generation of the battery during charge/discharge is increased, causing an increase in the temperature rise of 
the battery. The increased temperature rise promotes a reduction in charge efficiency and decomposition of the binder 
or the like in the electrode and separators within the battery, so that the cycle life of the battery is shortened. 
[0037] Therefore, rt is desirable that the battery's Intemal resistance Is 5 mQ or less. 

10 (2) The relationship of the thickness of a group of electrode plates to temperature rise and cycle life 

[0038] The following Table 4 shows the result of measurements of temperature rise and cycle life of the battery during 
charge/discharge, where the battery's Internal resistance was 4 ml2, a heat release area was 1 00 cm^, the amount of 
electrolyte was 3 g/Ah, a separator thickness was 0.2 mm, the ionic conductivity of the electrolyte was 500 mS/cm, 
IS and the thickness of a group of electrode plates was changed from 1 0 to 35 mm. In this case, the heat release area 
was adjusted to be constant (100 cm^ between the batteries differing in the thickness of a group of electrode plates 
by affixing an Insulating sheet on the outer surface of the container. 
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TABLE 4 
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[0039] As shown in Table 4, when the thickness of a group of electrode plates was 1 0 mm, 20 mm, and 30 mm, the 
temperature rise of the battery during charge/discharge was 7 "C, 5 •C, and 7 •C, and the cycle life was 900, 1000, 
and 900, respectively. On the other hand, when the thickness of a group of electrode plates was 35 mm, the temperature 
rise was Increased to 12 'C and the cycle life was reduced to 400. The consideration of this result is given below. In 
the case where the number of electrode plates and the thickness of a group of electrode plates is large, the thermal 
diff usivity is lowered, which in turn decreases the thermal conductivity in the battery. Thus, the temperature rise of the 
battery is Increased. The increased temperature rise promotes a reduction in charge efficiency and decomposition of 
the binder or the like in the electrode and separators within the battery, so that the cycle life of the battery Is shortened. 
[0040] Therefore, it is desirable that the thickness of a group of electrode plates is 30 mm or less. 

(3) The relationship of a heat release area to temperature rise and cycle life 

(0041 ] The following Table 5 shows the result of measurements of temperature rise and cycle life of the battery during 
charge/discharge, where the battery's intemal resistance was 4 mQ, the thickness of a group of electrode piates was 
20 mm, the amount of electrolyte was 3 g/Ah, a separator thickness was 0.2 mm, the ionic conductivity of the electrolyte 
was 500 mS/cm, and a heat release area was changed from 50 to 120 crr^. In this case, the heat release area was 
adjusted to a predetermined area by affixing an Insulating sheet on the outer surface of the container. 
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[0042] As shown in Table 5. when the heat release area was 60 cm^. 80 crrfi, 1 00 cm^, and 120 cm^, the temperature 
rise of the battery during charge/discharge was 7 ^C, 5 *C, 5 ''C, and 4 and the cycle life was 900, 1000, 1 000 and 
1000, respectively. On the other hand, when the heat release area was 50 cm^, the temperature rise was increased 
to 13 °C and the cycle life was reduced to 300. The consideration of this result is given below. In the case where the 
5 heat release area is small, the quantity of heat release is decreased. Thus, the temperature rise of the battery is 
increased. The increased temperature rise promotes a reduction In charge efficiency and decomposition of the binder 
or the like in the electrode and separators within the battery, so that the cycle life of the battery Is shortened. 
[0043] Therefore, it Is desirable that a heat release area is 60 cm^ or more. 

10 (4) The relationship of the amount of electrolyte to temperature rise and cycle life 

[0044] The following Table 6 shows the result of measurements of temperature rise and cycle life of the battery during 
charge/discharge, where the battery's intemal resistance was 4 mO, the thickness of a group of electrode plates was 
20 mm, a heat release area was 100 cm^, a separator thickness was 0.2 mm, the ionic conductivity of electrolyte was 
IS 500 mS/cm, and the amount of the electrolyte was changed from 1 .2 to 8.1 g/Ah. 
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[0045] As shown in Table 6, when the amount of electrolyte was 1 .3 g/Ah. 3 g/Ah, 6 g/Ah, and 8 g/Ah, the temperature 
rise of the battery during charge/discharge was 7 **C. 5 "C, 5 and 4 *>C, and the cycle life was 900. 1000, 1000, 
and 900, respectively. On the other hand, when the amount of electrolyte was 1.2 g/Ah, the temperature rise was 
increased to 12 and the cycle life was reduced to 400. Also, when the amount of electrolyte was 8.1 g/Ah, the 

5 temperature rise was 4 'C, while the cycle life was reduced to 500. The consideration of this result Is given below. In 
the case where the amount of electrolyte is small, the quantity of heat accumulation is decreased. Thus, the quantity 
of heat generation of the battery during charge/discharge is increased, causing an increase in the temperature rise of 
the battery. The increased temperature rise promotes a reduction in charge efficiency and decomposition of the binder 
or the like in the electrode and separators within the battery, so that the cycle life of the battery is shortened. Moreover, 

10 in the case where the amount of electrolyte is large, the quantity of heat accumulation is increased. Thus, the quantity 
of heat generation of the battery during charge/discharge is decreased, causing a decrease in the temperature rise of 
the battery. However, the cycle life of the battery is shortened because of a rise in the internal pressure of the battery 
resulting from lowered charge efficiency. 

[0046] Therefore. It Is desirable that the amount of electrolyte is 1 .3 to 8.0 g/Ah. 
15 [0047] To summarize the results of (1 ) to (4), a rectangular nickel metal-hydride battery that provides the optimum 
balance in the quantity of heat generation, heat release, and heat accumulation, high power, and excellent battery 
characteristics even when charged/discharged repeatedly and used for a long time can be achieved by satisfying the 
following: internal resistance is 5 mQ or less; the thickness of a group of electrode plates is 30 mm or less; a heat 
release area is 60 cm^ or more, and the amount of electrolyte is 1 .3 to 8.0 g/Ah. 

20 

(5) The relationship of a separator thtekness to temperature rise and cycle life 

[0048] The following Table 7 shows the result of measurements of temperature rise and cycle life of the battery during 
charge/discharge, where the battery's internal resistance was 4 m£2, the thickness of a group of electrode plates was 
20 mm, a heat release area was 1 00 cm^, the amount of electrolyte was 3 g/Ah, the ionic conductivity of the electrolyte 
was 500 mS/cm, and a separator thickness was changed from 0.08 to 0.32 mm. 
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[0049] As shown in Table 7, when the separator thickness was 0.1 mm, 0.15 mm. 0.2 mm, 0.25 mm, and 0.3 mm, 
the temperature rise of the battery during charge/discharge was 7 *C, 4 ^C, 4 *'C, 4 *C, and 7 and the cycle life 
was 900, 1000, 1000, 1000. and 900, respectively. On the other hand, when the separator thickness was 0.08 mm. 
the temperature rise was 7 ^C, while the cycle life was reduced to 400. Also, when the separator thickness was 0.32 

5 mm, the temperature rise was increased to 1 2 ®C and the cycle life was reduced to 500. The consideration of this result 
is given below. In the case where the separator thickness is small, the amount of electrolyte to be absorbed into the 
separator is reduced. Consequently, the amount of electrolyte in the electrode is increased, which leads to an increase 
in the quantity of heat accumulation. Thus, the quantity of heat generation of the battery during charge/discharge is 
decreased, causing a decrease in the temperature rise of the battery. However, the cycle life of the battery is shortened 

10 because of a rise In the intemal pressure of the battery resulting from lowered charge efficiency. Moreover, in the case 
where the separator thickness is large, the amount of electrolyte to be absori^ed into the separator is increased. Con- 
sequently, the amount of electrolyte in the electrode is decreased, which leads to a large resistance of the electrode 
reaction. Thus, the quantity of heat generation of the battery during charge/discharge is increased, causing an increase 
in the temperature rise of the battery. The increased temperature rise promotes a reduction in charge efficiency and 

IS decomposition of the binder or the like in the electrode and separators within the battery, so that the cycle life of the 
battery is shortened. 

[0050] Therefore, it is desirable that a separator thickness is 0.1 to 0.3 mm. 

(6) The relationship of the ionic conductivity of electrolyte to temperature rise and cycle life 

20 

[0051 ] The following Table 8 shows the result of measurements of temperature rise and cyde life of the battery during 
charge/discharge, where the battery's Intemal resistance was 4 mQ, the thtokness of a group of electrode plates was 
20 mm, a heat release area was 100 cm^, the amount of electrolyte was 3 g/Ah, a separator thickness was 0.2 mm, 
and the ionic conductivity of the electrolyte was changed from 370 to 650 mS/cm. In this case, the ionic conductivity 
25 of the electrolyte was adjusted to a predetermined value by changing the specific gravity of the electrolyte. 
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[0052] As shown in Table 8, when the ionic conductivity of the electrolyte was 400 mS/cm, 500 mS/cm. and 600 mS/ 
cm, the temperature rise of the battery during charge/discharge was 7 ""C, 5 and 7 ""C, and the cycle life was 900, 
1000, and 900, respectively. On the other hand, when the ionic conductivity of the electrolyte was 370 mS/cm, the 
temperature rise was increased to 12 and the cycle life was reduced to 400. Also, when the ionic conductivity was 

5 650 mS/cm, the temperature rise was increased to 1 3 *C and the cycle life was reduced to 400. The consideration of 
this result is given below. In the case where the ionic conductivity of the electrolyte is small, the specific gravity of the 
electrolyte is decreased. Consequently, the amount of liquid (cc) becomes excessive, which leads to a large resistance 
of the electrode reaction. Thus, the quantity of heat generation of the battery during charge/discharge Is increased, 
causing an Increase in the temperature rise of the battery. Moreover, in the case where the ionic conductivity of the 

10 electrolyte is large, the specific gravity of the electrolyte is increased. Consequently, the amount of liquid (cc) becomes 
small, which leads to a decrease in the quantity of heat accumulation because the heat accumulation quantity depends 
on the electrolyte and its heat capacity even If the heat release of the electrolyte Is the same. Thus, the temperature 
rise of the battery is increased. The Increased temperature rise promotes a reduction in charge efficiency and decom- 
position of the binder or the like in the electrode and separators within the battery, so that the cycle life of the battery 

'5 is shortened. 

[0053] Therefore, it is desirable that the ionic conductivity of electrolyte is 400 to 600 mS/cm. 

(7) The relationship of the thermal conductivity of a container material to temperature rise and cyde life 

20 [0054] The following Table 9 shows the result of measurements of temperature rise and cycle life of the battery during 
charge/discharge, where the battery's intemal resistance, the thickness of a group of electrode plates, a heat release 
area, the amount of electrolyte, a separator thickness, and the ionic conductivity of the electrolyte were each set to a 
desired value described In (1 ) to (6), the thickness of a container was 1 .0 mm, and the themnal conductivity of a material 
of the container was changed from 0.1 3 to 0.1 8 W/m-K, The thermal conductivity of the container material depends on 

25 the thermal conductivity of resin to be used; for polymer alk>y resin. It depends on the mixing proportk>n. 



TABLE 9 



Container thickness [mm] 


Thennal conductivity [W/ 
m-K] 


Utilization factor [%] 


Temperature rise 


Cycle life 


1.0 


0.13 


82 


14 


400 


0.14 


88 


11 


500 


0.15 


93 
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900 


0.18 


95 
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1000 



[0055] As shown in Table 9, when the thermal conductivity of the container material was 0.1 5 W/m-K and 0.1 8 W/ 
m-K. the temperature rise of the battery during charge/discharge was 7 •C and 5 'C. and the cyde life was 900 and 
1000. respectively. On the other hand, when the themnal conductivity of the container material was 0.13 W/m-K and 
0.14 W/m-K, the temperature rise of the battery was increased to 14 'C and 11 •C and the cycle life was reduced to 
400 and 600, respectively. The consideration of this result is given below. In the case where the themnal conductivity 
of the container material is small, the temperature rise of the battery is increased. The increased temperature rise 
promotes a reduction in charge efftoiency and decomposition of the binder or the like in the electrode and separators 
within the battery, so that the cycle life of the battery is shortened. 

45 

(8) The relationship of a container thickness to temperature rise and cycle life 

[0056] The following Table 10 shows the result of measurements of temperature rise and cycle life of the battery 
during charge/discharge, where the battery's intemal resistance, the thickness of a group of electrode plates, a heat 
^ release area, the amount of electrolyte, a separator thickness, and the ionic conductivily of the electrolyte were each 
set to a desired value described in (1 ) to (6), the thermal conductivity of a material of a container was 0.2 W/m-K, and. 
the thickness of the container was changed from 0.4 to 1 .6 mm. 
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TABLE 10 



Container thickness [mm] 


Themial conductivity [W/ 
m-K] 


Utilization factor \%\ 


Temperature rise 


Cycle life 


0.4 


0.2 
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96 


4 
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96 


5 
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[0057] As Shown in Table 1 0, when the container thickness was 0.5 mm. 0.8 mm, 1 .0 mm, 1 .2 mm, and 1 .5 mm, the 
temperature rise of the battery during charge/discharge was 4 •C, 5 •C. 5 "C. 5 •C. and 7 'C, and the cycle life was 
900, 1000, 1000. 1000, and 900. respectively. On the other hand, when the container thickness was 0.4 mm, the 
temperature rise was 4 "C, while the cycle life was reduced to 400. Also, when the container thickness was 1 .6 mm, 
the temperature rise was increased to 12 •G and the cycle life was reduced to 500. The consideration of this result is 
given below. In the case where the container thickness is small, heat release becomes good. Thus, the quantity of 
heat generation of the battery during charge/discharge is decreased, causing a decrease in the temperature rise of 
the battery. However, the cycle life of the battery is shortened because of the deformation of the container resulting 
from a lack of the container thickness against the internal pressure of the battery. Moreover, in the case where the 
container thickness is large, heat release becomes poor. Thus, the quantity of heat generation of the battery during 
charge/discharge is increased, causing an increase in the temperature rise of the battery. The increased temperature 
rise promotes a reduction in charge efficiency and decomposition of the binder orthe like in the electrode and separators 
within the battery, so that the cycle life of the battery is shortened. 

[0058] Therefore, the results of (7) and (8) Indicate that It is desirable that the thermal conductivity of a container 
material is 0.15 W/m-K or more, and a container thckness is 0.5 to 1 .5 mm. 

[0059] As the container material that satisfies this requirement, e.g., a resin material, such as a polymer alloy based 
on poiyphenylene ether resin and polyolefin resin can be used. 

[0060] Next, 3 to 40 rectangular nickel metal-hydride batteries (cells) with the above configuration were connected 
electrically in series to produce a battery module. 

[0061] FIG. 2 is a perspective view of an integral container for a battery module including six rectangular nickel rrietal- 
hydride batteries (cells) electrically connected In series. As shown in FIG.2, six containers 6, each of which is In the 
forni of a rectangular solid having short side faces with a small width and long side faces with a large width, are fonned 
into an integral container 8 by using the short side face as a partition 7 between the adjacent containers 6. A group of 
electrode plates (not shown) is housed in each container 6. In other words, the adjacent cells are connected electrically 
in series at the upper portion of the partition 7. The electrode terminals (not shown) of the battery module are provided 
on the upper portions of both end walls 9, respectively. The upper openings of the integral container B are closed 
integrally with upper covers (not shown). Moreover, rib-shaped projections 1 0 for fomning a coolant flow path between 
the adjacent battery modules are provided on the long side faces of the integral container 8. 

(9) The relationship of themnal conductivity per battery module to temperature rise and cycle life 

[0062] The following Table 1 1 shows the result of measurements of temperature rise and cycle life of a battery module 
during charge/discharge, where the battery module Included six rectangular nickel metal-hydride batteries (cells) elec- 
trically connected in series, each cell had an internal resistance, the thickness of a group of electrode plates, a heat 
release area, the amount of electrolyte, a separator thickness, and the ionic conductivity of the electrolyte that were 
set to a desired value described in (1 ) to (6). and the thennal conductivity per battery module was changed from 0.2 
to 0.4 W/m-K. In this case, the thermal conductivity per battery module was adjusted to a predetemnined value by 
changing the mixing proportion of a resin material of the container and the thickness thereof. 
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TABLE 11 



Thermal conductivity [W/m-K] 


Utilization factor [%] 


Temperature rise fC] 


Cycle life 


0.2 


82 


13 


400 


0.3 


95 


6 


900 


0:4 


96 


5 


1000 



10 [0063] As shown in Table 1 1 , when the thermal conductivity per battery module was 0.3 W/m-K and 0.4 W/m-K, the 
temperature rise of the battery module during charge/discharge was 6 ""C and 5 *^C, and the cycle life was 900 and 
1 000. respectively. On the other hand, when the thermal conductivity per battery module was 0.2 W/m-K, the temper- 
ature rise was increased to 13 and the cycle life was reduced to 400. The consideration of this result is given below. 
In the case where the thermal conductivity per battery module is small, heat release becomes poor. Thus, the quantity 

f5 of heat generation of the battery module during charge/discharge is Increased, causing an Increase in the temperature 
rise of the battery module. The increased temperature rise promotes a reduction in charge efficiency and decomposition 
of the binder or the like in the electrode and separators within the cell, so that the cycle life of the battery module is. 
shortened. 

[0064] Therefore, it is desirable that thennal conductivity per battery module is 0.3 W/hn-K or more. 

20 [0065] As described above, a battery module that provides suppressed temperature rise, high power, and excellent 
battery characteristics even when charged/discharged repeatedly and used for a long time can be achieved in the 
following manner: rectangular nickel metal-hydride batteries (cells), each having a desired value described in (1) to 
(9). are used to fomn the battery module, and thermal conductivity per battery module is set to 0.3 W/m*K or more. 
[0066] Next, a plurality of battery modules with the above configuration were connected electrtoally in series and^or 

2s in parallel to produce a battery pack. A coolant flow path was fomned between the adjacent battery modules. In this 
case, a battery pack that provides suppressed temperature rise, high power, and excellent battery characteristics even 
when charged/discharged repeatedly and used for a long time also can be achieved by forming the battery pack using 
battery modules, each having a desired value described in (9). 

[0067] A rectangular alkaline storage battery includes a plurality of rectangular positive electrode plates (1 ), negative 
30 electrode plates(2), and separators (3). The positive and negative electrode plates are layered altemately via the sep- 
arators, resulting in a group of electrode plates. The group of electrode plates, together with an alkaline electrolyte, is 
housed in a rectangular container. In the battery, internal resistance is 5 or jess, the electrode plate group thickness 
is 30 mm or less,~and~the~ amount of electrolyte is 1.3 to 8,0 g/Ah. This can achieve a rectangular alkaline storage 
battery that provides the optimum balance in the quantity of heat generation, heat release, and heat accumulation, 
55 high power, and excellent battery characteristics even when charged/discharged repeatedly and used for a long time. 

Claims 

40 1. A rectangular alkaline storage battery comprising: 

a plurality of positive electrode plates; 
a plurality of negative electrode plates; 

a plurality of separators, each being located between the positive electrode plate and the negative electrode 
45 plate; 

an alkaline electrolyte, and 

a container for housing the positive and negative electrode plates, the separators, and the electrolyte, 
wherein intemal resistance is 5 mQ or less, a group of electrode plates comprising the positive and negative 
electrode plates and the separators has a thickness of 30 mm or less, a heat release area is 60 cm^ or more, 
so and an amount of the electrolyte is 1 .3 to 8.0 g/Ah. 

2. The rectangular alkaline storage battery according to claim 1 , wherein positive and negative current collecting 
plates connected to the positive electrode plates and the negative electrode plates, respectively, are provided at 
both side faces of the group of electrode plates in a width direction, and the group of electrode plates Is housed 

55 in the container with each current collecting plate fixed on short side faces of the container 

3. The rectangular alkaline storage battery according to claim 2, wherein the positive electrode plates are based on 
nickel oxide, and the negative electrode plates contain hydrogen absorbing alloy that can absori)/desorb hydrogen 
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electrochemicalty. 

4. The rectangular alkaline storage battery according to any one of claims 1 to 3, wherein the separator has a thickness 
of 0.1 to 0.3 mm. 

5 

5. The rectangular alkaline storage battery according to any one of claims 1 to 3, wherein the electrolyte has an ionic 
conductivity of 400 to 600 mS/cm. 

The rectangular alkaline storage battery according to any one of claims 1 to 3, wherein a material of the container 
has a themnal conductivity of 0.15 W/m-K or more, and the container has a thickness of 0.5 to 1 .5 mm. 

A battery module comprising: 

3 to 40 cells electrically connected in series, 

wherein the rectangular alkaline storage battery according to any one of claims 1 to 6 is used as said cell. 

The battery module according to claim 7, comprising a plurality of containers, each of which is in the forni of a 
rectangular solid having short side faces with a small width and long side faces with a large width, the containers 
being formed into an integral container by using the short side face as a partition between the adjacent containers, 
wherein a group of electrode plates is housed in each container so that a cell is provided for each container, 
and the cells are connected electrically in series. 

The battery module according to claim 7 or 8, wherein themnal conductivity per battery module is 0.3 W/m-K or more. 

25 10. A battery pack comprising: 

a plurality of battery modules electrically connected in series and/or in parallel and 
a coolant flow path formed between the adjacent battery modules, 

wherein the battery module according to any one of claims 7 to 9 is used as said battery module. 

30 



35 



40 



45 



50 



20 




21 




22 



